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In the Claims: 

8. (currently amended) A method of manufacturing a multi- 
layered barrier metal thin film by atomic layer chemical vapor deposition, 

comprising the steps of: 

providing a substrate in a reactant chamber; 
providing a first chemical 8pecies_CQmEr!siHg_afirst 

ingtaJL in said reactant chamber; 

providing a second chemical species in said reactant 
chamber, wherein said first and second chemical species react to deposit a 
first layer of a barrier metal thin film of a first metal nitride on said 
substrate by atomic layer chemical vapor deposition; 

providing a third chemical a^tKciart ^mpriaing a second 
n^ etal of a different mat-orial than tb ft first metal, in said reactant chamber; 
and 

providing a foxirth chemical species in said reactant 
chamber, wherein said third and fourth chemical species react to deposit a 
second layer of said barrier metal thin film of a second metal nitride directly 
On said first layer by atomic layer chemical vapor deposition, wherein paid 
cooond metal nitride io difforont fi?om oaid first motal nitrido, 

wherein said barrier' metal thin film deposited on said 
substrate defines a thickness of less than 100 Angstroms. 
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9. (original) The method of claim 8 further comprising 
depositing a thin copper film on said barrier metal thin film. 

10. (previously presented) The method of claim 8 wherein 
said thickness of said barrier metal thin film is equal to an atomic thickness 
of said first and said second metal nitrides. 

11. Cancelled. 

12. (previously presented) The method of claim 8 wherein 
said first layeT of said barrier metal thin fihn and said second layer of said 
barrier metal thin film are each chosen from the group consisting of TiN, 
TaN, W, WN and SisNi. 

13. (original) The method of claim 8 wherein said 
substrate comprises a trench having a bottom surface and a side wall, and 
wherein said barrier metal thin j&lm is deposited on said bottom surface and 
said side wall by atomic layer chemical vapor deposition such that said 
barrier metal thin film defines a blocking diffusion characteristic which is the 
same on said side wall and said bottom surface. 
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14. (currently amended) A method of manufactiiring a multi- 
layered barrier metal thin fibn by atomic layer chemical vapor deposition. 

comprising the steps of: 

providing a substrate in a reactant chamber; 

providing a first chemical ftpofiips nnmpriaing a first 
metaL in said reactant chamber; 

providing a second chemical species in said reactant 
chamber, wherein said first and second chemical species react to deposit a 
first barrier metal thin film of a first metal nitride on said substrate by 
atomic layer chemical vapor deposition; 

providing a third chemical opoMOR mmprising a second 
rnt^t^l r>f HifffiT-Rnt material than the first metal, in said reactant chamber; 

providing a fourth chemical species in said reactant 
chamber, wherein said third and fourth chemical species react to deposit a 
second barrier metal thin film of a second metal nitride directly on said first 
barrier metal thin film by atomic layer chemical vapor depositio n, wherein 
e aid fixQt metal ni t rido is d i fferent from boid ocoond metal nitrido . 

15, (original) The method of claim 14 wherein said method 
is conducted at a temperature in a range of 300 to 600 "C, at a pressure in a 
range of 0.001 to 1.0 torr, and wherein each atomic layer chemical vapor 
deposition step is conducted for a time period in a range of 0.4 to 5.0 seconds. 
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16, (currently amended) The method of claim 14 further 
comprising providing a fifth chemical species comprising a third metal, in 
said reactant chamber and providing a sixth chemical species in said reactant 
chamber, wherein said fifth and sixth chemical species react to deposit a 
third barrier metal thin film of a metal xxitride on said second barrier metal 
thin film by atomic layer chemical vapor deposition. 

17, (original) The method of claim 14 further comprising 
depositing a thin copper film on said second barrier metal thin film. 

18, (original) The method of claim 14 wherein said first 
barrier metal thin film and said second barrier metal thin film are each 
chosen from the group consisting of TiN, TaN, W, WN and SiaN4. 

19, (original) The method of claim 14 wherein said first 
barrier metal thin film and said second barrier metal thin film together 
define a layered structure having a thickness of less than 60 Angsti-oms. 

20, (cxirrently amended) The method of claim 14 wherein 
said first chemical species comprises a first metal halide and said second 
chemical species comprises a nitrogen containing gas. 



5 



SLA515 j^sponseOI 2506.doc 



PAGE7/16*RCVDAT4fM4:40:53PM|EastemDayfghtTiine]'SVR:USPTO{FXRF-1K 



.APR-04-05 MON 02:09 PM SHARP PATENTS FAX: 13608178505 PAGE 8 



21. (currently amended) A method of manufacturing a multi- 
layered barrier metal thin film by atomic layer chemical vapor deposition, 
comprising the steps of: 

providing a substrate in a reactant chamber; 

depositing a first layer of a first metal nitride on said 
substrate by atomic layer chemical vapor deposition; and 

depositing a second layer of a second metal nitride 
ov6rlving directly on said first Igyr^r, without an intervening material layer, 
by atomic layer chemical vapor deposition; 

wherein said first metal nitride is a different ynaterial 
than [[from]] said second metal nitride. 

22. (currently amended) The method of claim 21 further 
comprising depositing a third layer of a third metal nitride on said second 
layer by atomic layer chemical vapor deposition, wherein said third metal 
nitride is a different material than [[from]] said first and said second metal 
nitrides, 

23, (original) The method of claim 21 wherein said multi- 
layered barrier metal thin film deposited on said substrate defines a 
thickness of less than 100 Angstroms. 
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24. (original) The method of claim 21 wherein said first 
and second metal nitrides are each chosen from the group consisting of TiN, 
TaN, W, WNandSisN^. 

25, (original) The method of claim 2 1 further comprising 
depositing a third layer of said first metal nitride on said second layer by 
atomic layer chemical vapor deposition, and depositing a fourth layer of said 
second metal nitride on said third layer by atomic layer chemical vapor 
deposition such that said multi-layered barrier metal thin film comprises 
alternating layers of said first and second metal nitrides. 
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